In past days many researchers have been worked on the expansive soil to determine the California Bearing Ratio (CBR) values in a conventional ways, which are time consuming and require lot of manual involvements. So we the authors of this research paper attempted to develop a soft computing technique to prognosticate CBR value by using Artificial Neural Network (ANN), a data driven technique.
Introduction
Construction of road on black cotton soil region proved to be unsatisfactory both performance and cost wise due to continue altering in its properties. Chemical stabilization includes the addition of lime, cement, lime sludge and chemical compounds or combination of these is generally adopted in expensive soil region. Studies on stabilization of soil by using pozzolanic materials like fly ash, coal ash with lime or cement or with chemical compounds are proved satisfactory results in improving soil properties. Rice husk ash is an industrial waste generated during firing process of paddy husk, containing a good percentage of amorphous silica and is being used in many applications. Recent studies also proved the beneficial effect of rice husk ash a super pozzolanic material with lime or cement in improving soil properties. Srivastava et al. (1995) [11] have showed increase in both liquid limit and plastic limit and resulting physical behavior was reduction in plasticity index due to increased fly ash-lime or fly ash-cement or fly ash-lime sludge mix in soils. Naigh et al. (1995) [7] have presented CBR of clayey soil of liquid limit 52% increased linearly with increase in cement content. It was established that, the CBR of soil-cement mix increases with the secondary additive sodium carbonate. Sridaran et al. (1995) [8] have reported 20% fly ash(C-type) is an effective additive to enhance the CBR of black cotton soil to optimum value. It was found that at 20 % fly ash content, CBR of black cotton soil increased by 400%.
An experimental study by Agus et al. (2002) [4] on Soil-lome-RHA stabilization brings out, the influence of RHA and lime on engineering properties of soil. It was found that, significant reduction in plasticity and influence on strength and CBR of clayey soil of high expansive in nature (PI=41.25%). It was established that on addition of 10% RHA and lime content between at 6% to 8%, strength reaches to its optimum level. Studies by Emhammed et al. (2002) [6] have observed significant improvement over plasticity index of RHA-cement stabilized residual and expansive (bentonite) soils.In this present experimental work, influence of RHA and cement on California Bearing Ratio of black cotton soil is studied experimentally.The results have been compared with the results of ANN and it is found that the similar trend is obtained.
Experimental Programme
Material. The soil used in the study was black cotton soil (BC Soil). According to IS classification system, the BC soil is clay of high compressibility (CH). Rice husk was obtained from local rice mill and burnt in a tube in basket rice husk burner. The ash was so obtained was powdered and sieved through 600µ IS sieve. Ash fraction that passed through 600µ IS sieve used for study. The physical properties of BC soil and cement tested are given in table 1 and table 2 . Table 3 shows the chemical properties of BC soil and RHA used. Testing Methods. The soaked CBR tests (soaking for 4 days) were conducted on samples compacted statically at MDD with OMC. Surcharge weight of 50 N, was used during soaking and testing. A metal penetration plunger of diameter 50 mm and 100 mm long was used to penetrate the samples at the rate of 1.25m/minute. UCS and CBR tests results presented here are based on average of three tests. Artificial Neural Network. Artificial neural networks (ANNs) are a functional abstraction of the biological neural structures of the central nervous system. They are powerful pattern recognizers and classifiers. They operate as black-box, model-free and adaptive tools to capture and learn significant structure in data. Their computing abilities have been proven in the fields of prediction and estimation, pattern recognition and optimization. They are suitable particularly for problems too complex to be modeled and solved by classical mathematics and traditional procedures. ANN modeling, a paradigm for computation and knowledge representation is inspired by the understanding and abstraction of the biological structure of neurons and the internal operation of the human brain. A neural network consists of multiple layers of many interconnected linear or non-linear processing units operating in a parallel fashion. Each processing units receives multiple inputs through weighted connections from neurons in the previous layer to which it is connected, performs appropriate computation, transmits it output to other processing units or as a network output using an assigned transfer function. The nonlinear nature of neural networks makes them suitable to perform functional approximation, classification and pattern recognition. For instance, a neural network has the ability to learn the mapping between a set of input data and its respective output and to synthesis through training an associative memory that may generate appropriate output when presented. ANN Methodology. Artificial Neural Network models are specified by topology, node characteristics and training or learning rules. These rules specify an initial set of weights and indicate how weights should be adopted during improvement of convergence performance. Broadly there are two types of ANN models namely supervised and unsupervised. In case of supervised both input patterns and output patterns are known during training. The present paper adopts feed forward supervised ANN model for prediction of 'California Bearing Ratio'. The possible training parameters are number of iterations (epoch) learning rate, error goal and number of hidden layers. These parameters are varied until a good convergence of ANN training is obtained and there by fixing the optimal training parameters. These optimal parameters are used for testing and validation process.
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However the numbers of neurons in the input layer and output layer are determined based on the problem domain depending up on number of input variables and number of output or target variables. Table 1 Physical Properties of Soil and  Table 2 Physical Properties of Cement RHA Tested.
Tested: Table 3 Chemical Properties of Soil The number of hidden layers and neurons in hidden layer are fixed during the training process. The specific ANN topology model adopted in this study is depicted in the fig 1. A significant number of reports have been published in application of ANN for the prediction of future events in Civil engineering problems [1, 2, 3] . These reports and papers have been varied from, Prediction of pile capacity using Neural Networks (The C.T. and Wang K.S., et al), Artificial Neural Network Applications in geotechnical Engineering (Mohamed A. Shahin, Mark B. Jakasa, et al), Neural networks for profiling stress history of clays from PCPT data (Pradeep U. Kurup and Nitin K. Dudani) [1] , Reducing prediction error by transforming input data (Bhattacharya B. and Solomatine D.P) [2] , A fuzzy-Neuro Model for Normal Concrete mix design (M.C.Nataraj et al) [3] . Fig. 2 shows the variation in CBR of soil with RHA and cement addition. Increase in CBR due to RHA addition alone is observed marginal. CBR of soil is significant due to addition of cement and exhibited higher CBR value with RHA combinations. CBR of soil cement mixtures are found increasing with the increase of RHA content up to 10% and at 15% RHA the CBR value found decreasing. Though the CBR value is gaining at 12% cement with 15% RHA, using 10% RHA with soil-cement mixes is advantageous. From the economy 8% cement with 10% RHA is more beneficial. Same pattern of results are observed by ANN prediction. CBR results are shown in table 4 where readings in the parenthesis indicate the predicted values. Fig. 3 depicts the convergence curve of ANN. Fig. 4 represents the variation of CBR with respect to their mix. 
Results and Discussion

Conclusion
The soaked CBR of the soil is found increase with cement and RHA addition. At 8% cement content, CBR value of soil is 48.57% and with combination of RHA at 5%, 10% and 15% the values respectively 54.68%, 60.56% and 56.62%. Similar trend has been observed in the ANN prediction, at 8% cement content, predicted CBR value of soil is 42.23% and with combination of RHA at 5%, 10% and 15% the predicted values respectively 64.16%, 74.40% and 60.23%. From our study we can conclude that ANN could be a good mathematical tool for prediction of CBR values, using data pattern rather than complicated laboratory procedures. It demonstrates that where conventional method feels difficult to estimate CBR, ANN model supports to predict.
